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Chapter 1

An Overview and Brief
History of Feedback Control

1.1 Problems and Solutions

1. Draw a component block diagram for each of the following feedback control
systems.

a) The manual steering system of an automobile

(
(b

)

) Drebbel’s incubator

(¢) The water level controlled by a float and valve
)

(d) Watt’s steam engine with fly-ball governor
In each case, indicate the location of the elements listed below and
give the units associated with each signal.
e the process
e the process output signal
e the sensor
e the actuator
e the actuator output signal
e The reference signal
Notice that in a number of cases the same physical device may per-
form more than one of these functions.

Solution:

(a) A manual steering system for an automobile:

101
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Reference viator Controlled
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desiced wheel angle system Automobile
path D pesd

(b) Drebbel’s incubator:

Reference A Controlled
ctuaio
Input Actuator  Quiput ' Process Output
— Damper | N
opening ? Fire mtensity =
Setting of
riser length
Sensor
Sensor output
Alcohol and mercury
Float position container F
(c) Water level regulator:
Aekiai Controlled
ﬁ:{z:rence Achibitor Of:rpn !‘" Process Output
Valve Water filling dynamics height
Float position
with respect
to valve Sensor
Sensor output
Float

Float position

(d) Fly-ball governor:

l,_
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Reference Actuator Cﬂﬂ‘rﬂ”@d
In{ ut Actuator Output Process Output
Valve Steam engine Speed
Desired S
speed
Sensor
Sensor owtput
Fly balls
Ball angles
(e) Automatic steering of a ship:
ﬁg‘::mce Actuator Sf,',‘;ff " Arocesy gz?;‘:ud
’l Do [ > Ship dynamics Course
Desired
course
Sensor
Sensor output
Couie Compass
(f) A public address system:
i - » Controlled
tualo rocess Output
?gi""“” Actuator Output up
: % Output
Microphone Amplifier o
Desired
sound
level Sensor
Sensor output Operator’s
Perceived sound ear

2. Identify the physical principles and describe the operation of the thermo-

stat in your home or office.

Solution:

A thermostat is a device for maintaining a temperature constant at a

desired value.

It is equipped with a temperature sensor which detects

deviation from the desired value, determines whether the temperature
setting is exceeded or not, and transmits the information to a furnace
or air conditioner so that the termperature in the room is brought back
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Figure 1.1: A paper making machine From Karl Astrom, (1970, page 192)
reprinted with permission.

to the desired setting. Examples: Tubes filled with liquid mercury
are attached to a bimetallic strip which tilt the tube and cause the mer-
cury to slide over electrical contacts. A bimetallic strip consists of two
strips of metal bonded together, each of a different expansion coefficient
so that temperature changes bend the metal. In some cases, the bending
of bimetallic strips simply cause electrical contacts to open or close di-
rectly. In most cases today, temperature is sensed electronically using,for
example, a thermistor, a resistor whose resistance changes with tempera-
ture. Modern computer-based thermostats are programmable, sense the
current from the thermistor and convert that to a digital signal.

3. A machine for making paper is diagrammed in Fig. 1.12. There are two
main parameters under feedback control: the density of fibers as controlled
by the consistency of the thick stock that flows from the headbox onto the
wire, and the moisture content of the final product that comes out of the
dryers. Stock from the machine chest is diluted by white water returning
from under the wire as controlled by a control valve (CV). A meter supplies
a reading of the consistency. At the “dry end” of the machine, there is a
moisture sensor. Draw a signal graph and identify the seven components
listed in Problem 1 for

(a) control of consistency

(b) control of moisture

Solution:

(a) Control of paper machine consistency:

/
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Process
Actuator
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(b) Control of paper machine moisture:
Controller Drier M;:!;em:e of

Desired
moisture

Moisture meter

4. Many variables in the human body are under feedback control. For each
of the following controlled variables, draw a graph showing the process
being controlled, the sensor that measures the variable, the actuator that
causes it to increase and /or decrease, the information path that completes
the feedback path, and the disturbances that upset the variable. You may
need to consult an encyclopedia or textbook on human physiology for
information on this problem.

(a) blood pressure

(b) blood sugar concentration
(c) heart rate

(d) eye-pointing angle

(e) eye-pupil diameter
Solution:

Feedback control in human body:
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(Glucose)

Variable Sensor Actuator Information path Disturbances
a) Blood pressure | -Arterial -Cardiac output -Afferent nerve -Bleeding
baroreceptors -Arteriolar/venous fibers -Drugs
dilation -Stress,Pain
b) Blood sugar -Pancreas -Pancreas secreting -Blood flow to -Diet
concentration insulin pancreas -Exercise

¢) Heart rate

-Diastolic volume
sensors

-Cardiac sympathetic
nerves

-Electrical stimulation
of sino-atrial node
and cardiac muscle

-Mechanical draw
of blood from heart
-Circulating
epinephrine

-Hormone releas
-Exercise

d) Eye pointing

-Optic nerve

-Extraocular muscles

-Cranial innervation

-Head movement

-Muscle twitch
-Ambient light

angle
e) Pupil diameter

-Image detection
-Rods

-Pupillary sphincter -Autonomous

muscles system -Drugs
f) Blood calcium -Parathyroid gland -Ca from bones to blood - Parathormone -Ca need in bong
level detectors -Gastrointestinal hormone affecting -Drugs
absorption effector sites

5. Draw a graph of the components for temperature control in a refrigerator
or automobile air-conditioning system.

Solution:
Rt == R : Process
1 Desired Controller : Actuator
] ti amre
P on I Heat flow Temperature
1 - Co P
1 os—ﬂ_ | mpressor dynamics
| R = T =
: Sensor :
]
! Bimetallic strip ':
| ]
: ]

This is the simplest possible system.
control as described in later chapters.

Modern cases include computer

6. Draw a graph of the components for an elevator-position control. Indi-
cate how you would measure the position of the elevator car. Consider a
combined coarse and fine measurement system. What accuracies do you
suggest for each sensor? Your system should be able to correct for the
fact that in elevators for tall buildings there is significant cable stretch as
a function of cab load.

Solution:

A coarse measurement can be obtained by an electroswitch located before
the desired floor level. When touched, the controller reduces the motor
speed. A “fine” sensor can then be used to bring the elevator precisely
to the floor level. With a sensor such as the one depicted in the figure,
a linear control loop can be created (as opposed to the on-off type of the
coarse control).Accuracy required for the course switch is around 5 cm;
for the fine floor alignment, an accuracy of about 2 mm is desirable to
eliminate any noticeable step for those entering or exiting the elevator.
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Desired Controller Actuator Process
position -
Mode logic 5| Motor and Elevator Position
transmission dynamics
Sensor
Potentiometer or 5
electroswitch

7. Feedback control requires being able to sense the variable being controlled.
Because electrical signals can be transmitted, amplified, and processed
easily, often we want to have a sensor whose output is a voltage or current
proportional to the variable being measured. Describe a sensor that would
give an electrical output proportional to:

temperature

pressure

liquid level

flow of liquid along a pipe (or blood along an artery) force
linear position

rotational position

linear velocity

rotational speed
translational acceleration
torque

Solution:

Sensors for feedback control systems with electrical output. Exam-
ples

Temperature: Thermistor- temperature sensitive resistor with resis-
tance change proportional to temperature; Thermocouple; Thyrister.
Modern thermostats are computer controlled and programmable.

Pressure: Strain sensitive resistor mounted on a diaphragm which
bends due to changing pressure

SRR Sha o sews: *re
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(c¢) Liquid level: Float connected to potentiometer. If liquid is conductive
the impedance change of a rod immersed in the liquid may indicate
the liquid level.

/fol t

(d) Flow of liquid along a pipe: A turbine actuated by the flow with a
magnet, to trigger an external counting circuit. Hall effect produces
an electronic output in response to magnetic field changes. Another
way: Measure pressure difference from venturi into pressure sensor
as in figure; Flowmeter. For blood flow, an ultrasound device like a
SONAR can be used.

; Hall Effect
o - all Effect sensor "

[=
Turb LM &/
urbine agnet
g -—-FIOW — /_\ — "/‘U‘

(e) Position.

When direct mechanical interaction is possible and for “small” dis-
placements, the same ideas may be used. For example a potentiome-
ter may be used to measure position of a mass in an accelerator (h).
However in many cases such as the position of an aircraft, the task is
much more complicated and measurement cannot be made directly.
Calculation must be carried out based on other measurements, for
example optical or electromagnetic direction measurements to several
known references (stars,transmitting antennas ...); LVDT for linear,
RVDT for rotational.

(f) Rotational position. The most common traditional device is a pote-
niometer. Also common are magnetic machines in shich a rotating
magnet produces a variable output based on its angle.

(g) Linear velocity. For a vehicle, a RADAR can measure linear velocity.
In other cases, a rack-and-pinion can be used to translate linear to
rotational motion and an electric motor(tachometer) used to measure
the speed.

(h) Speed: Any toothed wheel or gear on a rotating part may be used to
trigger a magnetic field change which can be used to trigger an elec-
trical counting circuit by use of a Hall effect (magnetic to electrical)
sensor. The pulses can then be counted over a set time interval to
produce angular velocity: Rate gyro; Tachometer



